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NASA Drawing Number 10428552 

ABSTRACT 

This report presents the results of tests performed on one specimen 
of the Angle Valve 10428552. The following tests were performed: 

1. Receiving Inspection 6. Low Temperature 

2. Proof Pressure 7. High Temperature 

3. F'unctional 8.  Cycle 

4. Flow 9. Burst 

5. Surge 

The specimen's performance was in accordance with the speciffication 
requirements of NASA drawing number 10428552, except during burst testing. 

During burst testing, the valve failed at 21,000 psig. The specifi- 
cation requirements were that the valve withstand a mhimum burst pressure 
Of 26,000 p8ig. 
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FOREWORD 

The tests reported herein were conducted f o r  t h e  John F. Kennedy Space 
Center by Chrysler Corporation Space Division (CC 
This document was prepared by CCSD under Contract 

, Louisiana. 

271620. 
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CHECK SHEET 

FOR 

ANGLE V A L . . ,  3/l+-INCH 

MANUFACTURER : Annin Company 
MANUFACTURER’S MODEL NUMBER: 3611 
NASA DRAWING NUMBER: 10428552 
TESTING AGENCY: 
AUTHORIZING AGENCY: NASA KSC 

Chrysler Corporation Space Division, New Orleans, Louisiana 

I. FUNCTIONAL R E Q U I m T S  

A. OPERATING MEDIUM: He or  GN2 
B. OPERATING PRESSURE: 6000 psig 
C.  PROOF PRESSURE: 9000 psig 
D. BURST PRESSURE: 24,000 psig 

F. LEAKAGE: Bubble t i g h t  below 6000 psig 
G. TORQUE: 

E. VALVE CAPACITY: (cv> 9.1 (min) 

1. Valve stem maximum- Determined by test 
2.  Breakaway - 60 f t - l b  typ ica l  
3. Running - 25 f t - l b  typ ica l  
4. Seating - 30 f t - l b  typ ica l  

11. CONSTRUCTION 

A. BODY MATERIAL: 

B. SEAT MATERIAL: 
C. OUTLET PORT: 
D. I N L E T  PORT: 
E. SECTIONAL DIME;NSIONS.: 

316 s t a in l e s s  steel, passivated 
per 5.4.1 of NIL-STD-1’/1 
Teflon 

3/4-inch AND10050-12 
Drawing 10428552 

AND10050-12 

111. ENVIRONMENTAL REQUIREMENTS 

A. OPERATING TENPERATUFtE : -20 t o  +120”F 

I V .  LOCATION AND USE: The angle valve is  located i n  t h e  
Saturn I B  ground support equipment 
of Launch Complex 34. 
i s  used 
shut off GN2 of He. 

The valve 
in t h e  pneumatic system t o  \& 

‘1 
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TEST SUNMARY 

ANGLE VALVE, 3/4-INCH 
10428552 

Environment 

Receiving 
Inspection 

Proof Pressi 

Functional 
Test 

F o w  Test 

Surge Test 

High Tempera 
ture Test 

Units - 
1 

S l  

1 

1 

1 

1 

1 

1 

Opsratiiancrl 
Boundary 

NASA Drawing 
No. 10428552 

9,000 psig f o r  
f ive-minut es 

Leakage : Bubblc 
t i g h t  a t  6000 

Desired Cv i s  
9.1 

0 t o  6000 psig 
i n  100-milli- 
seconds. 10 
cycles with 
valve partial12 
open 

-20°F (-t0,-4"F; 

+160° F( +4 , -0" F: 

3perating the  
specimen f o r  
1000 complete 
cycles w i t h  
5000 psig on 
i n l e t  t o  valve. 

Teoc 
Objective 

V i s u a l  and dimen- 
s iona l  examination 
f o r  compliance 

Check f o r  leakage 
or d i s t o r t i o n  

Check f o r  leakage 
and es tab l i sh  open- 
ing and closing 
and running torque 
values 

Determine Cv for  
t h e  valve 

Determine i f  speci- 
mens operation i s  
impaired by surge 

Determine i f  t h e  
environments cause 
degradtion or  de- 
formation 

Determine i f  t h e  en 
vironment causes 
iegradation or dis-  
to r t ion  due t o  ac- 
zumulative wear 

T e i t  
Results 

S a t i s -  
f a c t o r y  

S a t i s -  
fac tory  

S a t i s -  
fac tory  

Sat; ci- 

factory 

S a t i s -  
fac tory  

S a t i s -  
fac tory  

S a t i s -  
fac tory  

Remarks 

No v i s u a l  de- 
v ia t ions  from 
t h e  spec i f ica  
t i o n  or good 
workmanship 

No leakage or  
d i s t o r t i o n  

No leakage 
Torque values 
0 enin 
5 8  ft-fi 
Runni 
20 f t X  
Closin 
25 ft-s 
Maximum c, of 
6.0 was found 
between 11 gpi 
and 20 gpm. 
Cause: Re-  
s t r i c t i o n  i n  
t h e  end f i t -  
t ings 

No leakage or  
apparent d i s -  
t o r t i o n  due tr 
surge 

No leakage or  
apparent d i s -  
t o r t i o n  due tc 
thermal changt 

No leakage or 
apparent d i s -  
t o r t i o n  due t c  
cycling 

i. 
! 
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*.vir oment  

Burst Pres- 
sure Test 

Units 

1 

10428552 

Remarks - 
The valve 
stem packing 
gland f a i l e d  
a t  21,000 
Psig 



I 

SEXTION I 

INTRODUCTION 

1.1 

1.1.1 

1.1.2 

1.2 

1.3 

SCOPE 

This report  describes t h e  t e s t i n g  of 3/4-inch Angle Valve 
10428552. Tests included were those necessary t o  determine 
whether t h e  valve will satisfy t h e  operational and environ- 
mental requirements of t he  John F. Kennedy Space Center. 

One specimen w a s  tes ted.  

ITM DESCRIPTION 

Angle Valve 10428552 has a 3/4-inch nominal s i z e  inlet  port. 
It has a design operating pressure of 6000 psig and i s  rated 
f o r  use with nitrogen or helium. 

APPLICABLE DOCUMENTS 

The following documents contain t h e  test  requirements f o r  
Angle Valve 10428552: 

a. KSC-STD-l64(D), Standard Environmental Test Methods 
f o r  Ground Support Equipment Ins t a l l a t ions  a t  Cape 
Kennedy. 

b. Component Specification, 10428552 

c . Cleanliness Standard, MSFC-STD-164( D) 

d.  Test Plan, TP-RE-CCSD-FO-1125-1F 

1-1 



2.1 

2.2 

2.3 

2.4 

SECTION I1 

RECEIVING INSPECTION 

TEST REQUIREMENTS 

The specimen s h a l l  be v isua l ly  and dimensionally inspected 
f o r  conformance with t h e  applicable specif icat ions p r io r  t o  
the  start of t he  tests. 

TEST PROCEDURE 

A visua l  and dimensional inspection was  performed t o  de- 
termine compliance with NASA drawing 10428552 and applicable 
vendor drawings t o  the  extent possible without disassembling 
t h e  t e s t  specimen. 
also inspected fo r  poor workmanship and manufacturing defects.  

A t  t h e  same time t h e  tes t  specimen was 

TEST RESULTS 

The specimen complied with NASA drawing 10428552. 
of poor workmanship was  observed. 

No evidence 

TEST DATA 

The data  presented i n  t a b l e  2-l were recorded during t h e  
inspection. 

Table 2-1. Specimen Specifics 

Name : 

Size : 

Part Number: 

S e r i a l  Number 

Height, Overall (inches) 

Width, Main Bcdy(inches) 

Operating Wheel 
Diameter (inches) 

Annin, 3/4-inch, Angle Valve 

3/4-inch 

3 611 

62280-1-1 

12.50 

3.75 

6.90 

2-1 



SECTION 111 

PROOF PRESSURE TEST 

3 .1  

3.1.1 

3.1.2 

3.2.2 

3.2.3 

3.2.6 

3.2.7 

3.2.8 

302.9 

3.2.10 

3.2.11 

TEST REQUIREMENTS 

The tes t  specimen s h a l l  be subjected t o  a proof pressure of 
9000 psig. 

The pressure s h a l l  be applied simultaneously t o  t h e  i n l e t  
and ou t l e t  ports,  with t h e  specimen i n  t h e  open position, 
and s h a l l  be maintained f o r  5 minutes. 

The tes t  specimen s h a l l  be inspected f o r  leakage and d is tor t ion .  

TEST PROCEDURE 

The specimen was ins t a l l ed  i n  the  t e s t  setup as shown in 
f igure 3-1 and 3-3 using the  equipment l i s t e d  i n  t ab le  3-1. 

Regulator 15 w a s  adjusted fo r  zero out le t  pressure. 

The specimen and hand valves 5,  6, 8, 9, 10, 11 and 24 were 
opened and the  system was f i l l e d  with de-ionized water. 
a i r  was bled from t h e  system. 

All 

Hand valves 5, 8, 9, 11 and 24 were closed. 

Hand valve 7 was opened, and 3000 psig GN2 was monitored on 
gage J.4. 

Regulator 21 w a s  adjusted u n t i l  a pressure of between 50 and 
100 psig was indicated on gage 15. 

Switch 17 was then closed. Solenoid valve 18 w a s  opened 
and pump 19 s ta r ted .  

The ~ W I F  continued t o  operate u n t i l  a pressure of 9000 psig 
was indicated on gage 3. Switch 17 was then opened t o  s top 
pumping. 

The 9OOO psig pressure was maintained f o r  5 minutes, and the 
specimen w a s  checked f o r  leakage. 

Hand valves 9, 11 and U, were opened and t h e  system was vented. 
The specimen w a s  then checked f o r  d is tor t ion .  

I 

All data  were recorded. 

3 -1 
x 



3 03 

3.3.1 

3.4 

TEST RESULTS 

The specinen d id  not  leak and t h e r e  was no evidence of d i s -  
to r t ion .  

TEST DATA 

Test da ta  presented i n  t a b l e  3-2 were recorded during t h e  
test .  

3 -2 
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a 

. 
I 

Remarks Ct em 
No . 
1 

2 

3 

3 A  

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

- 

3/4 -inch 
Angle Valve 

Table 3-1. Proof Pressure and Burst Test Equipment L i s t  

Tap water 

0-to 20,000-psig 

Cal da te  10-1-66 
21.0% Fs 

4-1-67 

0-to 100,000-psi 

Ea1 date 11-2-66 
4-30-67 

+ 2.0% F3 

3 f t .  by 3 f t .  
by 3 f t .  

1/4 -inc h 

l/4-inch 

l/4-inch 

l/k-inch 

1/4-inch 

1/4-inch 

l/k-inch 

2-gallon 

2 -mic r on 

0-to 5000-psig 
- +a 

22% Fs 
0-to 300-psig 

28 -vd c 

SPST 

It em 

Test Specimen 

Water Supply 

Pressure Gage 

Pressure Gage 
(Burst Tesi,) 

Burst Chamber 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Water Reservoir 

Pneumatic F i l t e r  

Pressure Gage 

Pressure Gage 

Power Supply 

Switch 

Manufacturer 

Annin Company 

NOPSI 

Ashcroft 

Astra 

Aminc o 

Aminc o 

Aminc o 

Aminco 

Aminco 

Aminco 

Aminco 

CCSD 

Bendix Corp. 

Ashcroft 

USG 

CCSD 

Cutler Hammer 

-Wel/  
'art No. 
3611 

NA 

NA 

NA 

NA 

5001lA 

5001lA 

5001lA 

5001lA 

50011~ 

50011A 

5001lA 

NA 

1731260 

10575 

8990 

NA 

NA 

S e r i a l  
No. 

NA 

NA 

BT-1396 
E 

r11893-A 

!013J.+t!+ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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Table 3-1. Proof Pressure and Burst Test Equipment L i s t  (Continued) 

Pres sur  e 

Leakage 

D i s  t or t i on 

:t em 
No. 

18 
- 

19 

20 

21 

22 I 

23 

9,000 ps ig  5 minutes 

Zero 

None 

It em 

Solenoid Valve 

Hydrostatic Pump 

Check Valve 

Regulator 

GN2 Pressure 
Source 

Hand Valve 

Model/ 
Part No. Manufacturer 

Marotta Valve Co 207803 I 
Sprague Engr. 
Corporation 

Aminco k4-6301 
Marotta Valve Co, NA 

I NA 

A i r  Products 

Aminc o 50011~ 

S e r i a l  
No. 

NA 

NA 
NA 

NA 

NA 

Table 3-2. Proof Pressure Test Data 

Remarks 

?-way, normally 
:losed 

4ir operated; 
naximum pressure 
50,000-psig 

L/lc-inch 

3000-psig inlet  ; 
3-to 200-psig 
out le t  
3000-psig 

l / . l+- in~h 

i 

3-4 
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SECTION I V  

FUNCTIONAL TEST 

4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.2 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

4.2.5 

4.2.6 

4.2.7 

TEST REQUIREMENTS 

The test specimen s h a l l  be inspected f o r  leakage with t h e  
out le t  port  of t h e  specimen pressurized t o  6000 psig, speci- 
men closed, and t h e  i n l e t  port  vented. 
recorded . Leakage s h a l l  be 

The test  specimen s h a l l  be inspected f o r  leakage with the  
i n l e t  port  of t he  specimen pressurized t o  6000 psig, speci- 
men closed, and t h e  ou t l e t  port  vented. Leakage s h a l l  be 
recorded . 
The opening, closing, and normal running torque of t he  
specimen s h a l l  be determined with the  i n l e t  port  pressurized 
t o  6000 psig and then relieved t o  zero psig. 
data. 

Record a l l  

Procedures 4.1.1 and 4.1.2 each, s h a l l  be repeated once f o r  
t h e  i n i t i a l  functional t e s t  and performed once f o r  a l l  sub- 
sequent functionals. Procedure 4.1.3 s h a l l  be performed 10 
t i m e s  i n i t i a l l y  and 3 times f o r  a l l  subsequent functionals. 

TEST PROCEDURE 

The specimen was  i n s t a l l ed  i n  the  test  setup as shown i n  
f igure  L-1 and 4-2 using the  equipment l i s t e d  i n  t ab le  4-1 
except f o r  thermocouple 18 and thermal chamber 19. 
hand valves were closed. 

All 

The hand wheel was removed and replaced with valve stem 
adapter 21 and torque wrench 22. 
using 180 inch-pounds. 

The specimen was closed 

All regulators were adjusted f o r  zero out le t  pressure. 

Hand valves 3 and 8 were opened, and gage 5 indicated 7000 
psig . 
Pressure regulator 7 w a s  adjusted u n t i l  gage 9 indicated 
6000 psig. 

Port C on leakage detector  20 was connected t o  port  A of hand 
valve 16. 

Hand valves 12 and 16 were opened. 
leakage detector  20. 

There were no bubbles i n  

4-1 
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4.2.8 

4.2.9 

4.2.10 

4.2.11 

4.2.12 

4.2.13 

4 . 2 . 4  

4.2.15 

4.2.16 

4.2.17 

4.2.18 

4.2.19 

4.2.20 

4.2.21 

4.2.22 

4.2.23 

Regulator 7 was adjusted f o r  zero ou t l e t  pressure, and hand 
valve 17 was opened and the  specimen was  vented. 

Hand valves 16 and 17 were closed and por t  C of leakage 
de tec tor  20 was connected t o  por t  B of hand valve 17. 

Procedures 4.2.5 through 4.2.8 were repeated. 

Regulator 7 was slowly adjusted and 6000 ps ig  pressure w a s  
applied t o  the  i n l e t  port  of t h e  valve. 

The breakaway torque of t h e  specimen was  measured and re- 
corded by s lowly  applying t h e  maximum torque required t o  un- 
sea t  t h e  specimen. 

The specimen w a s  then f u l l y  opened. 
then measured between breakaway and open. 

The running torque was 

The specimen was then closed, and t h e  running torque during 
closing was  measured. 

Hand valve 17 w a s  then opened and t h e  o u t l e t  port  of t h e  
specimen w a s  vented. 
port  B of valve 17. 

Leakage de tec tor  20 was  connected t o  

With t h e  pressure on t h e  i n l e t  port  of t h e  specimen, t he  
specimen w a s  slowly opened u n t i l  bubbles appeared i n  leakage 
de tec tor  20. 

The specimen w a s  slowly closed and t h e  torque measured. 
was t h e  closing torque f o r  t h e  specimen a t  operating pres- 
sure.  

This 

Regulator 7 was closed and hand valve 16 was  opened t o  vent 
t h e  specimen. 

The procedures described i n  4.2.12 through 4.2.14 were re- 
peated t o  determine breakaway and running torque values f o r  
t h e  unpressurized specimen. 

Hand valves 11, 12, 16 and 17 were closed. Hand valves 10 
and 15  were opened, and regula tor  13 was adjusted u n t i l  2 
psig was indicated on gage 4. 

Hand valve 17 was  opened. 

The specimen w a s  opened u n t i l  bubbles appeared i n  leakage 
de tec tor  20. 

The specimen was slowly closed and t h e  torque required t o  
s top  t h e  bubbles was recorded as the  resea t ing  torque f o r  
unpressurized conditions of t h e  specimen. 



4-2.24 

4.2.25 

4 03 

4 -4 

Regulators 7 and 13 were adjusted t o  zero ou t l e t  pressure, 
hand valve 16 was opened, and the inlet port of the valve 
was vented. 

With t h e  specimen unpressurized, t h e  valve was  closed using 
100 inchipounds of torque. 
were repeated 10 times and t h e  data  were recorded i n  t ab le  
4-2. 

Procedures 4.2.U through 4.2.24 

TEST RESULTS 

No malfunction o r  degradation occurred. 

TEST DATA 

The t e s t  data  a re  presented i n  t a b l e  4-2. 

4-3 



- 
I t  em 
A No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

u, 

- 

Table 4-1. F'unctional Test Equipment L i s t  

It em 

Test Specimen 

Helium and N i t r o  
gen Source 

Hand Valve 

F i l t e r  

Pressure Gage 

Hand Valve 

Ilegulat or 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Hand Valve 

Regulator 

Pressure Gage 

Manufacturer 

CCSD 

Combination h, 
and Valve Co. 

Microporous 

Duragage 

Robbins Aviatioi 

Tescom Corp. 

Robbins Aviatioi 

Robbins Aviatioi 

Robbins Aviat ioi 

Robbins Aviatioi 

Robbins Aviatioi 

Tescom Corp. 

Marsh Ins t .  Co. 

Model/ 
'art No. 

NA 

380-3 

4813 F- 
w 
NA 

SS KG- 
250-4T 

26-100; 

SS KG- 
250-4T 

SSKG- 
250-4T 

SSKG- 
250-41' 

SS KG- 
250-4T 

SSKG- 
250-41' 

26-100; 

NA 

S e r i a l  
No. 

NA 

NA 

NA 

NASA 

NA 

1002 

NA 

NA 

NA 

NA 

NA 

1009 

\SA-08- 
13 - 
142B 

Remarks + 
1 l/i-inch supp 

2-micron 

0-to 10,000 psi ,  

Ea1 da te  1-25-6' 
4-24-6' 

+25% Fs . 

1/4 -inch 

7000-psig i n l e t  
0-t o 7000-psig 
out le t  

1/4- in~h 

l/l+-inch 

l/4 -inch 

1/4-inc h 

l/4-inch 

100-psig i n l e t  
0-to 10-psig 
out le t  

0-to 30-psig 

Cal da te  1-10-6' 
5 . 5 %  Fs 

4-10-6' 

. .  

\ 



Table 4-1, Amctional Test Equipment L i s t  (Continued) ' 

It em 
No , 

15 

- 

16 

17 

18 

19 

20 

21 

22 

- 

It em 

Hand Valve 

Hand Valve 

Hand Valve 

Thermocouple 

Thermal Chamber 

Leakage Detector 

Valve Stem Adapt 

Torque Wrench 

Manufacturer 

!obbins Aviation 

lobbins Aviation 

tobbins Aviation 

Ioneywell Corp, 

:onard Corp, 

*ex co. 

CCSD 

Lrmstrrmg 

Model/ 
art  No. 

SSKG- 
2 5 0 4  

SSKG- 
250-4T 

SSKG- 
250-4T 

30112 

NA 

NA 

NA 

SR-100 

Serial 
No. 

NA 

NA 

NA 

NA 

ASA-08- 
13 -204 9 
1 

NA 

NA 

ASA 

Remarks 

l/f+-inch 

-50 t o  +200"F 
+2.5OF (tempera - t u r e  tes t  only) 

-25 to +165"F 
(temperature 
tes t  only) 

400 m l .  capacit  
graduated cyl- 
inder and beake 

Replace hand 
wheel of speci- 
men (when re- 
quired) 



Table 4-2. Functional Test Data 

Applied 
Seating 
Torque 

R u n  ( in- lb)  
180 

1 180 
180 
100 

2 100 
100 

100 
100 
100 
100 

4 100 
100 
100 

5 100 
100 
100 

6 100 
100 
100 

7 100 
100 
100 

8 100 
100 
100 

9 100 
100 
100 

10 100 
100 

3 

Specimen Opening Closing 
I n l e t  Torque Running Torque ( f t / l b )  ~ Torque 
Pressure ( f t - lb)  Opening . Closing ( f t - lb )  
(ps ig)  

6000 50 15 20 25 

5 
6000 55 20 20 25 

5 
15  

6G00 50 1 5  20 15 

5 
6000 50 1 5  20 15 

4 
6000 50 15 20 1 5  

3 
6000 45 15 17 13 

-7 3 
6000 L5 15 20 15 

3 
5 

13 

3 
13 

3 
13 

- - 2 

- 0 20 20 15 
2 15 - - 
0 25 
2 10 

0 20 10 10 
2 10 - - 

0 1 5  10 10 
2 13 

0 15 8 5 
2 10 - - 

0 17 5 3 
2 10 - 

0 1 5  
2 7 

0 15 
2 4 

0 13 
2 4 

0 13 
2 4 

- 10 
- - 

- 

- 
- - 

- 

- 

- 4 

6000 45 1 5  17 
4 3 

6000 45 15 17 
3 

6G00 45 uc 17 
4 3 

- - 

- - - 

- 
- 4 - 

- 

I Applied I n l e t  Outlet 
Seating Pres sur  e Pressure 
Torque ( p i g )  ( p i g )  

100 600G 0 
lG0 0 6000 
100 6000 0 

( in- lb)  

1 

2 100 0 6000 

p k a y  s c m  

G 
0 
0 
0 



-1 

, 
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S E T I O N  V 

FLOW TEST 

5.1 

5.1.1 

5 - 2  

5.2.1 

5.2.2 

5.293 

5.2.4 

5 03 

5.3.1 

5.302 

TEST REQUIREMENTS 

The valve capaci ty  (CV) of t h e  specimen s h a l l  be determined. 
The minimum CV s h a l l  be 9.1. 

TEST PROCEDURE 

The specimen was i n s t a l l e d  in the  tes t  setup as shown i n  
f igu re  5-1 and 5-3 using the  equipment l i s t e d  in t a b l e  5-1. 
All hand valves and regula tors  were closed. 

The specimen was  opened. 

Hand valve 3 was opened and gage 4 indicated 100 psig. 

Regulator 5 was used t o  regulate  flow rate t o  t h e  specimen 
over t h e  f u l l  range of t e s t ing .  

Ten readings were recorded i n  gal lons per minute. 
i n l e t  pressure and pressure drop, indicated by gages 9, 10 
and 11 and t h e  water temperature indicated by thermocouple 8, 
were recorded. 

Specimen 

TEST RESULTS 

The flow coe f f i c i en t  (C,) of the specimen was 6.0 (average) 
when calculated over a flow range between 10 and 25 gal ions 
per minute and was below the  9.1 desired.  

Analysis of t he  problem revealed t h a t  t o  meet t h e  specif ied 
flow coef f ic ien t  an equivalent o r i f i c e  diameter of 0.710 
inches was required. However, t h e  spec i f ica t ion  a l s o  re- 
qui res  t h e  valve t o  be equipped with AND10050-12 end con- 
nections which have an i n t e r n a l  diameter of 0.609 inches. 
The l imi ted  CV of 6.0 obtained during tes t  was therefore  a 
funct ion of t h e  end connection r a the r  than t h e  valve con- 
f igura t ion .  

5.4 TEST DATA 

5.4.1 The tes t  da ta  recorded during t h e  test a r e  presented in 
t a b l e  5-2. 
f igu re  5-3. 

Pressure drop versus flow rate i s  presented i n  

5-1 
I 



5.4.2 

5 -4.3 

The flow coefficient (C,) was computed using the following 
formula : 

where : Q = measured flow rate (gpm) 

d P = pressure drop across the specimen (psid) 

< T  = density of the water at the temperature 
indicated by the temperature probe 

e = density of the water at 60°F 

Data from the pre-flow functional test are presented in 
table 5-3. 

5-2 
1 



Table 5-1. Flow Test Quipment L i s t  
- 
tem 
No. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

It em 

rest Specimen 

#ater Supply 

{and Valve 

Pressure Gage 

Pressure Regulato. 

Pressure Gage 

Turbine Flowmeter 

Thermocouple 

Pressure Gage 

Manufacturer 

Annin Company 

N A  

Williams Co. 

Heise 

Denison Div. 
American Brake 
Shoe Co. 

Ashcroft 

C o x  Instrument 
Division 

West Ins t .  Corp, 

Heise 

-%del/ 
a r t  No. 

3611 

N A  

200 SP 

N A  

FCC122 
3106 

N A  

l6SCRX 

30112 

N A  

S e r i a l  
No. 

N A  

N A  

NA 

JASA 08- 
L13-93- 
1092-C 

N A  

VASA 08- 
113-95 - 
1209-B 

3498 

N A  

NASA 08- 
113- . 
l4227 

1 

Remarks 

3/4-inch angle 
valve 

Tap water 

2-inch 

0-to 1000-psig 

Cal date  9-21-6 
5.a 

12-30-6 
3-21-6 

1-inch 

0-to 1000-psig 

Cal date  
- +Lo$ Fs 
10-30-66 
1-30-67 
4-30-6 7 

0-to 50-gpm 
Cal date  
9-18-66 
12-16-66 
3-13 -67 

-50 t o  +200"F 
- t 2 . 5 0 ~  
Cal date  
10-3-66 
2 -3 1-67 

0-t o 100-ps i g  

Cal date  
- *.2% Fs 

ll-18-66 
2-15-67 

5-3 



It em 
No, 
10 
- 

11 

12 

Table 5-1. Flow Test E q u i p  

I t e m  

Pressure Gage 

Pressure Gage 

Hand Valve 

Manufacturer 

Heise 

Heise 

Williams Co. 

t List I 

Model/ 
'art No. 

NA 

NA 

200 SP 

ont h u e d  ) 

Serial  
No. 

'ASA 08- 
.13 - 
&228 

lASA 08- 
.13 - 
3.2450 

NA 

Remarks 

0-to 100-psig 

Ea1 da te  
+0.2% Fs 

11-18-66 
2-15-67 

0-t 0 10O-Fsig 
9.8 FS 
Cal da te  
12-1-66 
3-7-67 

2-inch 

5 -4 



Flow 
(gpd 

3 

5 

8 

10 

12 

1 5  

17 

20 

23 

25 

20 

17 

1 5  

12 

10 

8 

5 

3 

Table 5-2. Flow Test Data 

S~ecimei 
Upstream 

(psig) 
~ 

1 . 3  

2.6 

5 .1  

7.2 

9.8 

u=4 

17.7 

22.8 

28.9 

33 .o 

22.2 

16.5 

12.9 

8.6 

6 -4 

4.0 

1.8 

0.7 

?ressure 
Downstream 

(PSid 

0.8 

1.4 

2.7 

3.9 

5 03 

7.4 

8.8 

10.5 

12.8 

uc.1 

10.0 

7.5 

6.0 

4.1 

3 00 

1.9 

1.0 

0.3 

0.0 

0.0 

0.1 

0.2 

0.4 

0.7 

1.0 

1.1 

1.4 

1.8 

1.2 

1.0 

0.8 

0 04 

0.3 

0.2 

0.2 

0.1 

0.5 

1.2 

2.3 

3.1 

4 .I. 

6.3 

7.9 

11.2 

17.1 

11.0 

8.0 

6.1 

4.1 

3.1 

1.9 

0.6 

0.3 

Media 
Temperature 

(OF) 

5 -5 



Table 5-3. Pre-Flow Functional Test Data 

Applied 
Seating 
Torwie 
( in-lb ) 

100 
100 
160 
100 

Run 

1 

2 

I n l e t  
Pressure 
(psig)  

6000 
0 

6000 
0 

Outlet  
Pressure 
( P S i d  

0 
6000 

0 
, 6000 

5-6 

Leakage 
(scim) 

0 
0 

0 
0 



. 

k 
0 

fs  

5-7 
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1, 
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Figure 5-5, Pressure Versus Flow Rate 
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SECTION V I  

SURGE TEST 

6.1 TEST REQUIREMENTS 

6.1.1 The tes t  specimen s h a l l  be subjected t o  20 pressure surges, 
10 with the  specimen closed and 10 with t h e  specimen p a r t i a l l y  
opened. 

6.1.2 Each pressure surge s h a l l  be a pressure increase from zero t o  
6000 psig within 100 milliseconds. 

6.1.3 The downstream s i d e  of t h e  specimen s h a l l  be vented a f t e r  
each surge, when the  specimen i s  p a r t i a l l y  opened. 

6.2 TEST PROCEDURE 

6.2.1 The specimen was i n s t a l l e d  in t h e  tes t  setup a s  shown i n  
f igu re  6-1 and 6-2 using the equipment l i s t e d  i n  t a b l e  6-1. 
A l l  hand valves, regulators  and t h e  specimen were closed 
f o r  zero pressure. 

6.2.2 Hand valve 2 w a s  opened. 

6.2.3 Pressure gage 4 indicated t h e  supply pressure of 7000 psig. 

6.2.4 

6.2.5 

Regulator 5 w a s  adjusted u n t i l  gage 6 indicated 6000 psigs. 

Switch 18 was closed and solenoid valve 8 actuated and 6000 
psig was applied t o  the  i n l e t  port  of t h e  specimen. 

6.2.6 The output from pressure transducer 15 and t h e  time f o r  
each run were recorded on oscil lograph 16. 

6.2.7 Switch 18 was  opened t o  deactuate solenoid valve 8. 

6.2.8 

6.2.9 

Procedures 6.2.5 through 6.2.7 were repeated 10 times. 

The specimen w a s  partially opened (cracked), and t h e  vent 
port  of solenoid valve 8 was  capped. 

Procedures 6.2.5 through 6.2.7 were repeated f o r  10 addi t iona l  
cycles,  opening hand valve 12 after each cycle and venting 
downstream pressure from t h e  specimen, 

6.2.10 

6,2,11 The specimen was examined for d i s t o r t i o n  a f t e r  each cycle,  
and func t iona l ly  t e s t ed  p r io r  t o  and a f t e r  surge tes t ing .  
The da ta  a r e  recorded in t ab le s  6-2 and 6-3. 

6-1 
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TEST RESULTS 

6.3.1 The specimen was cycled 10 times i n  t h e  closed pos i t ion  
with a pressure of zero t o  6GOO ps ig  and a rise r a t e  of 
60 milliseconds. 
t h e  specimen in t h e  p a r t i a l l y  opened pos i t ion  (cracked), 
with a zero t o  6000 psig pressure and a r ise rate of 80- 
milliseconds. 
from t h e  t e s t .  

The second 10 cycles  were performed with 

The specimen demonstrated no adverse r e s u l t s  

6.4 TEST DATA 

6.4.1 A t y p i c a l  surge waveform recorded during the  test, i s  shown 
i n  f igu re  0-5. 

6.4.2 Data recorded during t h e  pre-surge and post-surge funct ional  
tests a r e  presented i n  t ab le s  6-2 and 6-3. 

6-2 



- 
[tern 
No. 

1 

- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
- 

Table 6-1. Surge and Cycle Test Equipment L i s t  

It em 

rest Specimen 

Hand Valve 

F i l t e r  J 

Pressure Gage 

Pressure Regulatc 

Pressure Gage 

Hand Valve 

Solenoid Valve 

Hand Valve 

Pressure Gage 

Helium and N i t r o .  
gen Source 

Hand Valve 

Solenoid Valve 

Manufacturer 

Annin campany 

Combination Fump 
and Valve Co. 

Microporous 

Ashcr o f t  

Tesccxn Corp. 

Ashcrof t 

Robbins Aviation 

Marotta Valve Cc 

Robbins Aviatior 

Ashcroft 

CCSD 

Robbins Aviatior 

Marotta Valve C< 

Hodel/ 
.rt 140. 

3611 

380-3 

1813F- 
2M 

NA 

26-1002 

NA 

SSKG- 
250-4T 

MV-583 

SS KG 
250-4T 

NA 

NA 

SSKG- 
250-4T 

S e r i a l  
No. 

VA 

!JA 

NA 

NASA 08- 
113 - 
2005940F 

1004 

NASA 08- 
113 - 
2005 94 4 

NA 

3696 

NA 

NASA 08- 

200594-E 
113- 

NA 

NA 

2916 

Remarks 

3/4-inch angle 
valve 

1 1/2-inch 

2-micron 

0-t o 10,000-psi8 

Gal da te  

3-7-67 

7000-psig i n l e t  
0-to 7000-psig 
out le t  

9.2% Fs 
12-8-66 

0-to 10,OOoLpsi~ 

Cal date  

3-7-67 
12-8-66 

l/L+-inch 

1/2-inch, 3-way 

1/4 -inch 

0-t o 10,000-psii 

Cal da te  

3-7-67 

- *.a F3 
12 -8 -66 

7000-psig 

i1/4-in~h I 

1/2-inch , 3-way 

6-3 



Table 6-1. Surge and Cycle Test Eq 
Item 

Motor & Gear 
Reduction 

Pressure Trans- 
duc er 

Oscillograph 
Recorder 

Electrical Supply 

Switch 

lllanufacturgr 

Westinghaus e 

Teledyne 

C.E.C. 

Plant Services 

(See electrical 

pment List (Contk 
Model/ 
irt iJo 

NA 

176 

5 -124 

NA 

hematic 

S e r i a l  
No. 

[A 

,52137 

lASA 
117887 

IA 

‘igure 6 

Remarks 

efer to electri 
a1 schematic fc 
dent if icat i on 

-to 7 500-psig 
0.25% Fs 

8-vdc and 
15-vac 

A)  

6-4 J 



Table 6-U. Surge and Cycle Electrical. Equipment List 

It em 
- ~~ 

Elec t r i c  Motor 

G e a r  Drive 

Cycle Timer 

L i m i t  Switch 

Time Delay Relay 

Time Delay Relay 

Counter 

Switches 

Relays 

lhnufacturer  

Westinghause 

Boston Gear Co. 

Cramer Controls 

H oneywell 

ESNA 

General Controls 

Und. Lab. Inc. 

Magnetic Elec. 
co. 

Nodel/ 
.rt 1Jo 

i f  e-Lint 
SP 

-l.45-50 

23 

icro- 
witch 

D-12QT 

D-12QT 

ercury 

A 

A 

Serial. 
No. 

12389A 

157910 

157909 

IA 

IA 

IA 

Remarks 

-hp, 440 vac, 
-phase 

750-rpm input 
5-rpm output 

15-vac 
28 vdc 

8-vdc 

Req'd 2)  

-d ig i t s  

-amp , 115-vac 
0-amp , 230-vai 

15-vac, 5-amp 
00 ohm 

6-5 



Table 6-2. Pre-Surge Functional Test Dbta 

Applied 
Seating I n l e t  Outlet  
Torque Pres sure  Pres  sur  e 
(in -1b) (psig)  ( P a )  

100 6000 0 
1 100 0 6000 

100 6060 0 
100 0 6000 

Hun 

2 

Leakage 
(scim) 

0 
0 
0 
0 

I 



Table 6-3. Post-Surge F’unctional Test Data 

Applied 
Seating 
Torque 

Run (in-lb) 

100 

100 
100 

100 
100 
100 
100 

1 .  100 

2 100 

3 

Specimen 

Pressure Torque Running Torque ( f t - lb )  Torque 
(psig)  ( f t  -1b) Opening , C1 osing ( f t - lb )  

6000 50 12 17 20 
0 18 4 4 
2 & 3 

6000 47 15 20 17 
0 20 - 5 3 - 2 

6000 45 1.5 20 20 

3 

I n l e t  Opening Closing 

- 
- 

- 2 5 

- 0 20 4 3 
2 4 - - 

1 

6-7 

Applied I n l e t  Outlet 
Seating Pressure Pres sure Leakage 
Torque (psig)  ( P S i d  (scim) 

R~ ( in- lb)  
100 6000 0 0 
100 0 6000 0 
100 6000 0 0 
100 0 6000 0 

1 



k 
0 
k 

b 
k 
1 m ,  

c 
I 

4 

A 
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Note: Refer t o  t a b l e  6-1A f o r  item iden t i f i ca t ion  

28 

NOTE: CR1-Set time t o  allow delay in open posit ion 
and time t o  c lose  valve. 

CR2-Set time delay f o r  length of time neces- 
sary t o  open tes t  specimen. 

CT1-Set cam t o  ac tua te  once per cycle i n  any 
posit ion.  

CT2-Cam actuates  t o  vent during interval when 
test  specimen is closed. 

CT3-Cam set so t h a t  SW3 is  actuated i n  the t o t a l  
time i n t e r v a l  fo r  opening, delay i n  t h e  
open posi t ion and closing of the valve. 

(CR1) CR2) 

NOTE: CT4- Se t t ing  same as CT3. 

sol. 1 - In le t  pressure 
solenoid ,3-way 

Sol.2-Vent Solenoid, 
3-way 

Light-Ind.light-HEL, 

Ctr-28v.dc .counter 

C T I ; C T ~ ; C T ~ - T ~ P S  Of 
cycle timer4 .O. 

CR1; CR2-Time delay 
relay - TOE 

CTM-Cycle timer motor 

CT4-Tips of cycle 
timer - N.O. 

IS-Stroke t r a v e l  l i m i t  
switch - N.C. 

Rl-Tips of CR1 - N . 0 .  
R2-Tips of CR2- N.C. 

L igh t - Indo l igh t -Gm 

CR3;CRb-Coils of rev- 
erse contacts 

sW2-1 15 v.ac.- O N - O f f  
switch. 

Figure 6-U. Cycle E l e c t r i c a l  Test Schematic 
j 
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Figure 6-4. s p i c a 1  Surge Waveform 
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SECTION V I 1  

LOW TEMPERATURE TEST 

7 - 1  TEST REQUI-S 

7.1.1 The t e s t  specimen s h a l l  be subjected t o  a low temperature 
t e s t  a t  -20 (4-0, -4) O F  t o  determine whether t h e  environ- 
ment causes degradation or  deformation. 

The t e s t  specimen s h a l l  be subjected t o  a functional test  i n  
accordance with sect ion I V  during the  low temperature test  
using ~ helium a s  t h e  tes t  medium. 

7.1.2 

7.2.1 

7.2.2 

7.3 

7.3.1 

TEST PROCEDURE 

The specimen was i n s t a l l ed  in t h e  tes t  setup as shown i n  
f igures  7-1 and 7-3 using t h e  equipment l i s t e d  i n  t ab le  
4-1. 

With thermocouple 19 aff ixed t o  the  specimen, thermal chamber 
18 was cooled t o  -20°F and t h e  r e l a t i v e  humidity w a s  maintained 
a t  t h e  prescribed 60 t o  90 per cent. 

Temperature s t ab i l i za t ion  was achieved and a functional tes t  
was performed. 

The chamber was returned t o  ambient temperature and a 
second functional t e s t  w a s  performed. 

The specimen was v isua l ly  inspected within one hour of i t s  
return t o  ambient temperature. 

TEST RESU,LTS 

The specimen demonstrated no apparent adverse e f f ec t s  from 
thermal changes except f o r  a s l i g h t  increase i n  the  low 
pressure torquing values as recorded i n  the functional data. 

7 .4 TEST DATA 

Data recorded during the  t e s t  a r e  presented i n  tab les  7-1, 
7-2 and 7-3. 

7 -1 
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Table 7-1. Pre-Low Temperature Functional Test Data 

I 4 100 2 6 

Hun 

1 

2 

Applied 
Seating I n l e t  Outlet 
Torque Pressure Pres sur  e Leakage 

1GC 6GLL c 0 
(in-lb) (ps ig)  ( P i g  1 (scim) 

lC0 ct 6000 0 
100 6006 G 0 
100 0 6000 c; 
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Table 7-2. Functional Test Data a t  -20°F 

100 
lG0 2 6000 0 0 

0 6000 0 
i .  

Table 7-3. Post-Low Temperature Functional Test Data 

1 
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8.1 

8.1.1 

8.1.2 

8.2 

8.2.1 

8.2.2 

8.2.3 

8.2.4 

8.2.5 

8.2.6 

8 03 

8.3.1 

8.4 

I ,  

SECTION VI11 

HIGH TENPERATURE TEST 

TEST REQUIREMENTS 

The specimen s h a l l  be subjected t o  a high temperature test  
a t  160 (+4, -0) O F  f o r  a period of 72 (+2, -0) hours t o  
determine i f  the  environment causes degradation of performance. 

The specimen s h a l l  be subjected t o  a funct ional  t e s t  i n  ac- 
cordance with sect ion I V  during and after t h e  high tempera- 
t u r e  test  using helium as the  t e s t  medium. 

TEST PROCEDURE 

The specimen was ins t a l l ed  i n  the  test  setup as shown in 
f igure  7-1 and 7-3 using the  equipment l i s t e d  i n  t ab le  4-1. 

With thermocouple 19 aff ixed t o  the  specimen, the tempera- 
t u r e  of thermal chamber 18 was increased t o  160°F a t  a rise 
rate of approximately 1" per minute. 
ta ined a t  20 per cent. 

The humidity was main- 

T h i s  temperature was maintained f o r  72 hours a f t e r  tempera- 
t u re  s t ab i l i za t ion .  

A functional t e s t  was performed w h i l e  t he  specimen and chamber 
were a t  160°F. 

The chamber temperature was returned t o  ambient conditions 
upon completion of t h e  functional tes t .  

Within one hour following the  establishment of ambient con- 
d i t ions ,  a v isua l  inspection and a functional t e s t  were 
performed on t h e  specinen. 

TEST RESULTS 

The specimen demonstrated no adverse e f f ec t s  from t h e  thermal 
change. 

TEST DATA 

Data recorded during the  t e s t  are presented i n  tab les  8-1, 
E-2 and 8-3. 

8-1 
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Table 8-1. he-High Temperature Functional Test Data 

Opening 
Applied Specimen 
Seat ing ,Runninn Toraue ( f t r l b )  

RUn 

I 1 100 1 6000 1 k5 I 10 ! 15 

Torque Pressure Torque ( ft- l b  ) Opening Closing (in-lb) ( p i g )  

1 100 0 11 2 2 
10G 2 - - 

r 

0 I U  I 2 I 7 

3 

- - 100 2 
100 6000 41 72 22 
100 0 17 2 2 

I I I I I I - - 100 2 

Torque 
(ft- ' lb) 

I - 
2 

Table 8-2. Functional Test Data a t  +160°F 
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Table 8-3. Post-High Temperature Functional Test Data 

I I I I I I - - 100 2 



SECTION I X  

9.1 

9.1.1 

9.1.2 

CYCLE TEST 

TEST RFQUIREMENTS 

The t e s t  specimen s h a l l  be subjected t o  1000 cycles during 
t h e  cycle t e s t .  I 

Each cycle s h a l l  consis t  of pressurizing t h e  inlet  Fort t o  
6000 psig and then opening and closing t h e  specimen. 
s h a l l  be t h e  tes t  medium. 

GN2 

9.1.3 The specimen downstream pressure s h a l l  be vented t o  below 
3100 psig after each cycle. 

901.4 A funct ional  t e s t ,  as specif ied i n  sec t ion  I V ,  s h a l l  be 
performed following the  completion of 50, 100, 500 and 1600 
cycles. 

9.2 

9.2.1 

9.2.2 

9.2.6 

TBT PROCEDURE 

The specimen w a s  i n s t a l l e d  i n  t h e  tes t  setup as shown i n  
figure 6-2 using the equipment l i s t e d  i n  t a b l e  6-1. 

All hand valves and regulators  were adjusted f o r  zero pres- 
sure.  

Hand valve 2 w a s  opened and gage 4 indicated 70GO psig. 

Regulator 5 w a s  adjusted u n t i l  gage 6 indicated 6000 psig. 

The e l e c t r i c a l  network w a s  adjusted t o  sequence the  following 
events : 

( a )  Solenoid valve 9 was actuated t o  pressurize  the  
specimen t o  6000 psig as was indicated on gage 6. 

(b)  Solenoid valve 13 was  actuated and closed t h e  out le t  
port  during specimen opening and closing. 

( c )  Reversible e l e c t r i c a l  motor 34 w a s  operated and opened 
and closed the  specimen. 

(d)  Solenoid valves 8 and 13 were deactuated and pressure 
from t h e  specimen w a s  vented t o  below 30G0 psig downstream; 
as w a s  indicated on gage 10. 

Functional t e s t s  were performed on t h e  specimen a f t e r  50, 100, 500, 
and 1000 cycles. 
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9.3 

9.4 

TEST RESULTS 

The tes t  data showed t h e  operating torques decreased s l i g h t l y  
during t h e  cycle t es t  and t h e  torque required t o  hold 6000 
psig back pressure increased from 1C0 t c  300 inch-pounds. 
valve operation remained smooth throughout t h e  cycle t e s t .  

The 

r .  

TEST DATA 

The tes t  data recorded during t h i s  tes t  are presented i n  
t ab le s  9-1 thru  9-5. 

9-2 
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Table 9-1. Pre-Cycle Functional Test Data 

Closing 
Torque 
( f t - lb)  

i a  - 

. 
I 

I 
I 

100 6000 0 
100 (3 o i: 

2 

Table 9-2. Functional Test Data After 50 Cycles 

RUn 

1 

2 

Applied Specimen 
Seating I n l e t  
Torque Pressure 
(in -1b) 

100 6000 
100 0 
100 2 

100 0 
100 2 

Opening Closing 
Torque Torque 
( f t  -1b ) ( f t - l b )  

25 7 11 25 
1 - 12 3 

' 9-3 



Table 9-3. Functional Test  Data After l(j0 Cycles 

Table 9-4. F’unctional Test Data After 500 Cycles 

Applied Specimen 
S eating Inlet 
Torque Pressure 

Run ( h - l b )  (pig) 

I 100 I 2 

i 



- 

Table 9-5. Functional Test Data After 1000 Cycles 
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10.1 

SECTION X 

BURST TEST 

TEST Rl3QUIRE2ENTS 

10.1.1 The specimen s h a l l  be subjected .t.o a hydrostat ic  pressure of 
24,000 psig. 

The hydrostat ic  pressure s h a l l  be applied simultaneously t o  
t h e  specimen i n l e t  and ou t l e t  por t s  with t h e  valve in t h e  
open posit ion.  

10.1.2 

The pressure s h a l l  be maintained f o r  5 minutes. 

10.2 

10.2.1 

10.2.2 

10.2.3 

10.2.4 

10.2.5 

10.2.6 

10.2.7 

10.2.8 

10.2.9 

10.2.10 

10.3 

T B T  PROCEDURE 

The t e s t  specimen was i n s t a l l e d  i n  the  test setup as shown i n  
f igu re  3-1 and 3-3 using t h e  equipment l i s t e d  i n  t a b l e  3-1. 

Regulator 1 5  w a s  adjusted f o r  zero o u t l e t  pressure. 

The 'specimen and hand valves 5, 6, 8, 9, 10, 11 and 24 were 
opened and the  system was f i l l e d  with de-ionized water. 
a i r  was bled f r o m t h e  system. 

All 

Hand valves 5, 8, 9, 11 and 24 were closed. 

Hand valve 7 w a s  opened, and 3000 psig GN2 was monitored on 
gage l-4. i 

Regulator 2 1  w a s  adjusted un t i l  a pressure of between 50 and 
100 psig w a s  indicated on gage 15. 

Switch 17 was  then closed. 
pump 19 s t a r t ed .  

The pump continued t o  operate u n t i l  a pressure of 21,000 psig 
w a s  reached and a noise w a s  heard from within the  chamber. 
pressure a t  t h i s  time f e l l  off  and a l l  attempts t o  bring the  
pressure up fa i led .  

Hand valves 9 ,  11, and 24 were opened and t h e  system w a s  vented. 

Solenoid valve 18 w a s  opened and 

The 

All data  were recorded. 

TEST RESULTS 

, 
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10.3.1 

10.4 

The specimen d id  not reach 24,000 psig during the  burs t  test. 
f a i l u r e  of t h e  valve stem packing, packing gland, and bracket . 
occurred a t  21,000 paig. See figures 10-1, 10-2 and 10-3. 

TEST DATA 

The specimen remained intact up t o  a pressure of 21,000 psig, 
where it showed a hes i t a t ion  i n  t h e  pressure during which 
d i s to r t ion  was occurring p r io r  t o  the  f a i l i n g  of the  specimen. 

! 
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